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We compared the BD GeneOhm methicillin-resistant Staphylococcus aureus (MRSA) PCR assay to culture
with BBL CHROMagar MRSA for nasal surveillance among 602 arrestees from the Baltimore City Jail. The
sensitivity and specificity were 88.5% and 91.0%, respectively, and after secondary analysis using enrichment
broth, they were 89.0% and 91.7%, respectively. Twenty-three of 42 false-positive PCR lysates contained
methicillin-susceptible S. aureus.

Recent community-associated methicillin-resistant Staphylo-
coccus aureus (MRSA) outbreaks among correctional institu-
tion populations have demonstrated the need for improved
surveillance (3–5, 17). MRSA surveillance is essential to limit
transmission and stem future outbreaks in this setting. While
rapid diagnostic testing has been successfully implemented
within the health care setting (1, 6, 10, 22), such testing will
likely present technical and logistical difficulties for correc-
tional facilities.

Trypticase soy broth (TSB) with 6.5% NaCl is considered
the reference method for recovery of MRSA from nasal sur-
veillance cultures (20). This method is not timely for programs
that wish to implement rapid screening. Selective and differ-
ential media such as BBL CHROMagar MRSA (CHROM-
MRSA) (BD Diagnostics, Sparks, MD) decrease the time to
identification of MRSA from 2 or 3 days to 24 to 48 h, require
limited training, and are relatively inexpensive compared to
molecular methods (11; BBL CHROMagar MRSA package
insert, http://www.bd.com/ds/productCenter/215084.asp). In a
multicenter study comparing CHROM-MRSA to conventional
culture using 5% sheep blood agar and five methods of sus-
ceptibility testing, CHROM-MRSA detected an additional 8%
positive samples (11). The performance characteristics of chro-
mogenic media compared with PCR have not been well stud-
ied. The BD GeneOhm MRSA PCR assay (BD GeneOhm,
San Diego, CA) has proven effective for MRSA surveillance
(2, 9, 11, 18) but is currently more costly than CHROM-
MRSA.

An epidemiologic study of MRSA nasal colonization among
newly arrested men provided the opportunity to compare the

performance characteristics of these methods for MRSA sur-
veillance.

(This study was presented in part at the 107th General
Meeting of the American Society for Microbiology, Toronto,
Canada, 21 to 25 May 2007.)

Subject selection and collection of clinical specimens. The
Maryland Department of Corrections and the Institutional Re-
view Board of The Johns Hopkins University School of Med-
icine approved the study. Enrollment criteria included (i) ar-
rested �24 h previously, (ii) male, (iii) age 21 years and older,
and (iv) processed at the Central Booking Intake Facility in
Baltimore, MD. Anterior nasal specimens were obtained using
BactiSwab II dual-headed culturettes (Remel, Lenexa, KS)
from 602 men. Both swabs were inserted into each nare simul-
taneously. The swabs were transported at room temperature
and stored at 5°C until processing within 24 h of collection. The
two swabs were randomly separated in the laboratory. One
swab was used for culture and the other for the PCR. The
conventional microbiology testing and the PCR were con-
ducted independently by laboratory staff.

Bacterial culture and susceptibility testing. One swab was
streaked onto CHROM-MRSA and then placed in TSB con-
taining 6.5% NaCl (11, 16; BBL CHROMagar MRSA package
insert) for enrichment for validation of discrepant results be-
tween CHROM-MRSA and the PCR. CHROM-MRSA plates
were incubated and read according to the manufacturer’s in-
structions (23). Mauve colonies growing on CHROM-MRSA
that were confirmed as S. aureus by Gram staining and slide
coagulation were considered MRSA. Each TSB culture was
subcultured after overnight incubation to 5% sheep blood agar
plates (BBL, BD Diagnostics, Sparks, MD). Presumptive S.
aureus colonies were subcultured to oxacillin screening agar
(OSA). Isolates positive on OSA but not growing on the
CHROM-MRSA were reconfirmed as MRSA using the BD
Phoenix automated microbiology system (Phoenix) (BD Diag-
nostics, Sparks, MD) (2). The second swab was processed and
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tested using the BD GeneOhm MRSA assay according to the
manufacturer’s instructions.

Analysis of discrepant results. For PCR-negative, CHROMagar-
positive samples, if the enrichment broth also contained con-
firmed MRSA, no additional tests were performed and the
PCR test was deemed a false-negative result. If the enrichment
broth was negative, then the isolate from the CHROMagar
plate was verified as described above under “Bacterial culture
and susceptibility testing.” For PCR-positive, CHROMagar-
negative samples, if the enrichment broth was also positive, the
result was considered a true positive by PCR. For PCR-posi-
tive samples that were negative by either culture method for
MRSA, the lysates were retested by PCR. For all discrepant
results, the isolates and lysates were sent to the research lab-
oratories at BD GeneOhm, Quebec City, Canada, for separate
analysis. At GeneOhm, the isolates were analyzed with the
PBP 2� assay (Denka Seiken Co., Tokyo, Japan) and by PCR
for the mecA gene (standard end detection) (15). In addition,
both the isolates and the original lysates were tested using the
BD GeneOhm MRSA assay.

Data analysis. Statistical analysis was completed using
STATA version 9.0 (STATACorp, LP, College Station, TX).
The sensitivity and specificity of the PCR assay were calculated
and compared to CHROM-MRSA.

MRSA detection by culture. Nasal swabs were collected
from 602 arrestees who consented to participate. A total of 87
MRSA isolates were recovered from CHROM-MRSA and an
additional eight MRSA isolates were recovered from enrich-
ment broth only, for an overall prevalence of MRSA in this
population of 15.8%.

Performance of GeneOhm MRSA assay compared to
CHROMagar. Thirteen of the original 602 nasal specimens
(2.2%) were inhibited in the PCR assay; 10 of these were
resolved after a freeze-thaw. Three unresolved PCR samples
were excluded from data analysis, for a total of 599 evaluable
samples. One hundred twenty-three nasal swabs were positive
for MRSA by the PCR assay. Among these, 77 were culture
positive by CHROMagar. The overall agreement between
PCR and CHROM-MRSA was 90.7%. Comparing the PCR
assay to CHROM-MRSA, the sensitivity and specificity were
88.5% (77/87) and 91.0% (466/512), respectively. Table 1 pro-
vides a summary comparison, including positive predictive
value (PPV) and negative predictive value (NPV).

Discrepant analysis and enrichment broth resolution. There
were 56 samples for which there were discrepant results be-
tween the PCR assay and CHROM-MRSA (Table 2). Further
laboratory analysis was completed with these discrepant sam-
ples as described above.

Forty-two of the 56 discrepant samples were PCR-positive
specimens that did not grow MRSA on CHROM-MRSA.
Twenty-three of these 42 PCR-positive samples grew methicil-
lin-susceptible S. aureus in the enrichment broth (41% of the
discrepant results; 3.8% of all specimens). Among these 23
false-positive results, 18 of the original lysate buffers were
positive for MRSA on repeat testing by the PCR assay; 15 of
the recovered isolates also gave a positive result when tested by
the PCR assay. mecA PCR analysis was performed on all 23 S.
aureus isolates, and only one isolate was positive for the pres-
ence of the mecA gene. Nineteen of the 42 samples were
negative by culture for any S. aureus. On repeat testing of the
lysate buffers, 9 (47.4%) were again positive for MRSA.

Ten samples were originally negative for MRSA by PCR but
grew MRSA in culture (Table 2). Three PCR-negative,
CHROM-MRSA-positive specimens were also negative by
broth culture and were resolved as PCR-negative specimens.
Seven specimens were noted to be MRSA positive in both
CHROM-MRSA and broth but negative in PCR. These spec-
imens were considered false-negative PCR specimens. All 10
isolates were positive upon testing with the PCR assay; these
10 were phenotypically MRSA when tested by Phoenix, OSA,
and the PBP 2� assay.

TABLE 1. Comparison of BD GeneOhm MRSA assay to CHROMagar MRSA before and after secondary analysis using broth enrichment

BD GeneOhm MRSA PCR
assay result

No. with CHROMagar MRSA
resulta: % (95% CI)b

Positive Negative Total Sensitivity Specificity PPV NPV

Before secondary analysis
Positive 77 46 123 88.5 (0.82–0.95) 91.0 (0.89–0.93) 62.6 (0.54–0.71) 97.9 (0.96–0.99)
Negative 10 466 476
Total 87 512 599

After secondary analysis
Positive 81 42 123 89.0 (0.82–0.95) 91.7 (0.89–0.94) 65.9 (0.57–0.74) 97.9 (0.97–0.99)
Negative 10 466 476
Total 91 508 599

a Three PCR-inhibited specimens were excluded from data analysis, for a total of 599 evaluable samples.
b CI, confidence interval.

TABLE 2. Resolution of discrepant isolates

Result in: No. of
discrepant

samples
CommentMRSA

PCR CHROM-MRSA Broth

Positive Negative Negative 42 False-positive
PCR

Positive Negative Positive 4 True-positive
PCR

Negative Positivea Negative 3 False-negative
PCR

Negative Positive Positive 7 False-negative
PCR

a Isolates verified as MRSA.
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Four PCR-positive but CHROM-MRSA-negative samples
grew MRSA in the enrichment broth. These were considered
resolved samples and true positives by the PCR assay. Recal-
culation of the assay’s sensitivity, specificity, PPV, and NPV
after secondary analysis is presented in Table 1.

Discussion. In the context of a larger epidemiologic study
within a correctional institution, we compared the BD
GeneOhm MRSA assay to CHROMagar MRSA for identify-
ing MRSA nasal colonization in this high-risk community pop-
ulation. The prevalence of S. aureus (40.4%) and MRSA
(15.8%) among nasal isolates is substantially greater than es-
timates from larger community analyses of MRSA colonization
to date, which noted S. aureus and MRSA colonization preva-
lences of 31% and 0.84%, respectively (12). Our findings are
similar to the prevalence noted upon hospitalization of pris-
oners originating from Baltimore City Jail facilities (15.8%
versus 17%) (24) and demonstrate a high community preva-
lence of community-associated MRSA.

We found the BD GeneOhm MRSA assay to have an initial
sensitivity of 88.5% compared to CHROM-MRSA, which im-
proved to 89.0% after secondary analysis. The high NPV in this
study (97.9%) and those reported by others (7, 15, 18, 21)
suggests that this assay provides a rapid method for the iden-
tification of persons who are not colonized with MRSA and in
that context is likely to be useful for epidemiologic or surveil-
lance activities, whether in a community setting as described in
this evaluation or in a health care environment.

The specificity and PPV of the BD GeneOhm MRSA assay
(91.7% and 65.9%, respectively) in our study are similar to the
results noted by others. Several recent studies (14, 15, 19)
report PPVs ranging from 63% to 94% for nasal specimens in
comparison to selective chromogenic media in hospital set-
tings. Using rectal and nasal specimens pooled in selective
enrichment broth, Desjardins et al. noted a higher sensitivity
(96%) than other authors (8); however, the investigators noted
a significant decline in PPV, from 90% to 65% postimplemen-
tation.

One possible explanation for the weak specificity is the as-
say’s potential to amplify retained segments of the right-junc-
tion sequence of the SCCmec by S. aureus strains that are
missing the mecA gene (14). Our discrepant analysis provides
some insight into this hypothesis and the evolving heterogene-
ity of MRSA. Interestingly, 23/42 (55%) false-positive PCR
specimens contained methicillin-susceptible S. aureus. In addi-
tion, among the 19 PCR-positive, culture-negative samples, 9
lysates were again positive on repeat PCR testing despite neg-
ative enrichment broth results. Two possible scenarios may
apply to this situation. Either these specimens contained iso-
lates that have an incomplete mecA gene, or upon deletion, the
gene left behind a residual fragment containing the target
SCCmec region detected with the PCR assay. In our own
discrepant analysis, 22 of the 23 false-positive isolates were
found by separate mecA gene PCR to be missing the mecA
gene. Donnio et al. (9) have hypothesized that this incomplete
mecA gene may alter the diagnostic reliability of molecular
assays that target the SCCmec (9), and we believe that the
problem in specificity (91.7%) in the present study may be an
example of this phenomenon. A noted limitation of this study
is that resolution of the PCR-positive, culture-negative sam-

ples was impaired because the broth enrichment method did
not use the PCR swab.

In conducting this study, the rapid turnover and release of
newly arrested individuals resulted in our inability to conduct
follow-up testing in subjects with discrepant PCR and culture
results. This setting, however, provided an excellent location
for evaluation of these assays outside of a clinical environment
in persons in a high-risk community setting. Specimen collec-
tion procedures were standardized and conducted by the same
individual for all samples, limiting biases in sample collection.
However, variability in samples, especially with low levels of
colonization, could be responsible for some of the PCR-nega-
tive, culture-positive specimens such that the inoculum was
below the limit of detection for the PCR assay but enough to
be grown in culture. In the study by Rossney et al., investiga-
tors noted a high limit of detection (103 CFU/specimen), which
was likely a large contributor to the poor sensitivity of the assay
in their study (19). The authors concluded that the assay
should not be used as a stand-alone test but should be verified
by concomitant culture (19). Such a strategy leads to excessive
costs. Since the NPV is high in most studies, an alternative
scenario might be to provide culture verification of only PCR-
positive samples, but this adds complexity to testing algo-
rithms. Laboratories will have to evaluate the performance of
this and similar assays in their environments to determine
suitability for infection control practices or epidemiological
studies.

Finally, during the course of the study, the poor hygienic
state of some individuals and the presence of foreign material
such as dirt or intranasal drugs may have influenced the per-
formance of the assay. However, there was no way to assess the
impact of these factors on either method. Fortunately, only a
few (n � 3) samples were eliminated because of overt PCR
inhibition.

The evaluation of rapid methods for detection of MRSA
outside of health care environments is currently limited, al-
though it is increasingly necessary due to a growing prevalence
and increasing reports of MRSA transmission in the commu-
nity. Despite previous analysis demonstrating adequate sensi-
tivity and specificity of the BD GeneOhm MRSA assay in
settings where MRSA is endemic, our study in a high-preva-
lence community setting found the assay to be less sensitive
and less specific than selective culture media. In our environ-
ment the use of the BD GeneOhm MRSA assay in clinical
settings requires confirmation, yet its practical application for
surveillance and isolation decision analysis is plausible.
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